Renewable energy has gained increasing popularity and public interest over the past decade. New regulations on conventional coal and nuclear power generation has demanded a market turn to renewable energy generation from solar and wind. Fluctuations from these renewable sources make it difficult to utilize all the power generated since conventional power is needed to maintain demand on the grid. To efficiently utilize all generation from renewable sources, a way to store the energy for future use would be ideal. Such energy storage systems can be located on the grid or onsite where electric is actually consumed. Energy storage systems provide wholesale market opportunities plus other benefits such as energy arbitrage, reduced transmission congestion, low local marginal prices, and both voltage and frequency regulation. Onsite energy storage devices, as a load-management tool, can bring considerable value by reducing costs for individual customers and for the utility.
Introduction
The electricity produced has a characteristic of the electric power sector, in that the amount of electricity that can be generated is relatively fixed over short periods of time even though demand for electricity fluctuates throughout the day. Energy storage can help balance the grid system and improve the capacity factor from unstable renewable generation by storing electricity when not needed and acting as a shock absorber to smooth out fluctuations. Energy storage systems can provide reliability and power quality to commercial, industrial and residential end users that have a need for premium power supply. It can also improve the economics of power supply to end users who have time of use rates or high demand charges and low load factors, such as in industrial or commercial applications. Having technology to store electrical energy so it can be available to meet demand whenever needed is a great asset in electricity distribution. Industry experts believe energy storage will play a key role in supporting frequency regulation, ancillary services, renewable energy integration, relieving transmission and distribution congestion, and improving the balance of supply and demand.
Energy Use in America
In 2013, the United States consumed about 4,058 billion kilowatt-hours of electricity.
1 As shown in Figure 1 , a majority of electricity consumed was from coal and other fossil fuels. This accounted for around 67% of the electricity consumed. With the focus of the current U.S. Federal and State Governments attention on reducing greenhouse gas emissions, they have strongly supported expanding many forms of renewable power generation in recent years. As a result, renewable power generation has doubled since 2003 with the exception of hydro. The most successful renewable source has clearly been wind power as shown in Figure 2 .
Renewable power generation capacity has been sup- The primary objective of expanding renewable power generation capacity is to reduce the need for fossil fuel power and the associated carbon emissions. U.S. carbon emissions (from consumption of fossil fuels) peaked in 2007 at 6023 million metric tons per year (MMT/yr.) and total emissions have since declined by about 12% in 2012.
1 This is largely due to the stricter regulations on current coal generation plants and the shift to natural gas consumption actually increased by almost 10% between 2007-12.
1 The individual State RPS or Renewable Electricity Standards have been adopted by 36 States, which collectively generate up to about 70% of total U.S. net power.
3 The average of these 36 State RPS targets is to supply up to about 20% of total power consumed
FIG. 2: Renewable Energy Consumption (adapted from
Reference 2) from renewable power by 2020.
3 The total U.S. carbon emissions could be reduced significantly in the future if these States accomplish their RPS targets.
Demand for access to low-cost electric power is the primary physical limits of the transmission grid system with the result of voltage drops and possible blackouts. An alternative solution instead of adding more capacitors or more costly transmission lines is to deploy energy storage systems at key points in the transmission network or at the site of the energy user. When voltage sags occur, energy storage systems can supply real and reactive power, resulting in stabilization of the grid. The use of energy storage can help balance the grid system and improve the capacity factor from unstable renewable generation by storing electricity when not needed and acting as a shock absorber to smooth out fluctuations. Energy storage systems can provide reliability and power quality to commercial, industrial and residential end users that have a need for premium power supply. Having technology to store electrical energy, so it can be available to meet demand whenever needed, is a great asset in electricity distribution. Industry experts believe energy storage will play a key role in supporting frequency regulation, ancillary services and renewable energy integration, relieving transmission and distribution congestion, and improving the balance of supply and demand.
Types of Energy Storage
Grid-scale energy storage technologies are currently limited in use but may see increased adoption in the future. Currently, the vast majority of existing storage is pumped hydroelectric storage.
2 A wide variety of technologies can serve an array of functions around the electric power system. These storage systems can be deployed from assuring power quality to deferring electric power system infrastructure upgrades to integrating variable generation from wind and solar generators.Various types of existing or potential storage technologies are adapted for different uses. All storage technologies are designed to respond to changes in the demand for electricity, but on varying timescales.
4
Unlike other commodities, there are not significant stocks or inventories of electricity to cushion differences in supply and demand. Electricity must be produced at the level of demand at any given moment, and demand changes continually. Without stored electricity to call on, electric power system operators must increase or decrease generation to meet the changing demand in order to maintain acceptable levels of power quality and reliability.
Electricity markets are structured around this reality. Currently, generating capacity is set aside as reserve capacity every hour of every day to provide a buffer against fluctuations in demand. In that way, if the reserve capacity is needed, it can be dispatched or sent to the grid without delay. There are costs, at times significant, to requiring the availability of generating capacity to provide reserves and regulation of power quality. However, economic storage of electricity could decrease or eliminate the need for generating capacity to fill that role.
Energy management storage systems are used for long timescales operation where daily, weekly, and seasonal variations in electricity demand are fairly predictable. Higher-capacity technologies capable of outputting electricity for extended periods of time, such as pumped hydroelectric storage or compressed air energy storage, moderate the extremes of demand over these longer timescales. These technologies aid in energy management, reducing the need for generating capacity as well as the ongoing expenses of operating that capacity.
4 Variations in demand are accompanied by price changes, which lead to arbitrage opportunities, where storage operators can buy power when prices are low and sell when prices are high.
Shorter timescales maintain the power quality of the electricity on the grid. These demand fluctuations are on shorter timescales from sub-hourly, from a few minutes, down to fractions of a second. Management of these fluctuations require rapidly-responding technologies like flywheels, super-capacitors, batteries, or SMES which often have smaller capacity. Responding to these shorttimescale fluctuations keeps the voltage and frequency characteristics of the grid's electricity consistent within narrow bounds, providing an expected level of power quality. Power quality is an important attribute of grid electricity, as poor quality electricitymomentary spikes, surges, sags, or outagescan harm electronic devices. 
Onsite Energy Storage
Power grids depend on a stable power supply by optimally balancing supply and demand. As the use of solar power and other renewable energy sources which have un-stable output continues to increase, power supply to the entire grid could become unstable. This presents a variety of challenges.Energy storage can serve customers as a controllable demand-side management option that can also provide premium services, including power quality for sags or surges, uninterruptible power supply for outages, and peak demand reduction to reduce electricity bills.
Storing electrical energy can equalize the electrical load on the grid and promote efficient use of energy. Energy storage systems can also serve as back-up power sources in an emergency. These systems can be highly versatile, can meet the needs of various users, and be utilized in diverse fields. These fields include power generators that use renewable energy, grid equipment like energy transmission and distribution equipment, as well as commercial facilities, factories and homes.
Electricity pricing is moving from a standard flat rate tariff to a Time-of-Use (TOU) pricing structure, where rates are dependent on when electricity is consumed. With TOU pricing, the cost of electricity during peak daytime hours when most small and mid-sized businesses operate is often 400% higher than it would be for the same amount of electricity at night.With the motivation of financial incentives, many consumers have the option of shifting their electricity usage profiles to take advantage of TOU pricing. With storage, energy management systems can automatically store electricity when prices are low, and then discharge this energy on demand when prices are high.
In addition to the advantages that energy storage provides to end-users,there are simultaneous benefits to the electrical grid for the utility company. In order to maintain an adequate supply of power throughout the day, utilities will typically rely on fossil fuel (coal, natural gas) power plants to produce energy for those peak daytime hours when electricity consumption is highest. Not only does peak energy cost more to produce, it is also more carbon intensive than baseline electricity. However, with energy storage systems, the balance of electricity production can be tilted away from peak periods, thereby saving money for utilities and benefiting the environment.
Electric Power Research Institute (EPRI) estimates that 10% to 25% of utility generation, transmission and distribution assets are needed for less than 400 hours per year.
1 This large capital investment are costly to build and operate in comparison to the short time there used at peak capacity. Energy storage systems offer utility companies a new option to improve capital utilization, defer investment and increase reliability throughout the system, particularly in rural and congested urban areas. If the utilities were to add less expensive energy storage systems, the addition of costly transmission lines for quick response generation would not be needed.Utility distribution engineers anticipate increasing challenges managing high penetrations of solar photovoltaic on the local distribution system. The effects of photovoltaic voltage sags and demand shifts due to cloud effects are even more severe than wind ramps because they are much faster. Energy storage systems can provide local voltage and VAR (volt-ampere reactive) support, and manage intermittent variation in photovoltaic loads while reducing costs for customers by reducing energy consumption, peaking costs, and capacity costs.
Battery Energy Storage
Batteries are a well-known technology that has seen increasing improvements and advancements. A battery energy storage system in commercial, residential and industrial buildings allows users to store electricity from the grid during off peak or from local generations such as PV panels and wind turbines. The energy stored provides potential value as a load-management tool to reduce costs for the individual customer and for the utility. The battery storage will bring a reduction in energy consumptions during high demand periods, bringing down the peaking costs, capacity costs and demand charges.Utilizing the system reduces a users daily peak demand load by peak shaving, or smoothing out their energy consumption. For many users, demand response charges can be a significant component of their electricity costs and leveling energy loads across a day provides real savings. When the grid falters, batteries are ready to provide hours of backup power supply.
The batteries most commonly used for grid storage are lithium-ion. The batteries are rated in terms of their energy and power capacities. For most of the battery types, the power and energy capacities are not independent and are fixed during the battery design. Some of the other important features of a battery are efficiency, life span, operating temperature, depth of discharge, self-discharge and energy density.
Currently, significant development continues with battery technology. Different types of batteries are being developed, of which some are available commercially while others are still in the experimental stage. The batteries used in power system applications such as grid applications so far have been deep cycle batteries with energy capacity ranging from 17 to 40 MWh and have efficiencies of about 70%80%. Lithium ion batteries have a small footprint and require minimal maintenance, ensuring that the system is cost effective to install and operate. With the capability to be fully integrated into an existing building energy management system, battery storage helps ensure power supply is balanced with building loads, and congestion and peak demands.
Superconducting Magnetic Energy Storage
Superconducting Magnetic Energy Storage systems is a device for storing and discharging large quantities of power. The system is independent of capacity and size a SMES system always includes a superconducting coil, a refrigerator, a power conversion system (PCS), and a control system.The superconducting coil, the heart of the SMES system, stores energy in the magnetic field generated by a circulating current. The maximum stored energy is determined by two factors. The size and geometry of the coil, which determines the inductance of the coil is one factor. The larger the coil, the greater the stored energy.3The second is the characteristics of the conductor, which determines the maximum current. Superconductors carry substantial currents in high magnetic fields.
There are several reasons for using superconducting magnetic energy storage instead of other energy storage methods. A key advantage that SMES has over other energy-storage technologies is its ability to rapidly release stored energy. It can do what no other technology can do, go from a full charge to a full discharge. Rapid discharge makes SMES attractive for quickly stabilizing high-voltage transmission lines during periods of heavy use. Power is available almost instantaneously and very high power output can be provided for a brief period of time. Other energy storage methods, such as pumped hydro or compressed air have a substantial time delay associated with the energy conversion of stored mechanical energy back into electricity. Thus if a customer's demand is immediate, SMES is the most viable option. Another advantage is that the loss of power is less than other storage methods because electric currents encounter almost no resistance. Additionally the main parts in a SMES are motionless, which results in high reliability.
2
There are several small SMES units available for commercial use and a number of larger test projects. Commercial one-MW units are used for power quality control in installations around the world, especially to provide power quality at manufacturing plants requiring ultraclean power, such as microchip fabrication facilities. Due to the energy requirements of refrigeration and the high cost of superconducting wire, SMES is currently used for short duration energy storage. Therefore, SMES is most commonly devoted to improving power quality. If SMES were to be used for utilities it would be a diurnal storage device, charged from base load power at night and meeting peak loads during the day.SMES systems have about the same life expectancy as pumped hydro and compressed air systems: 10-20 years, as opposed to 1-10 years for batteries and 8-12 years for although the cost of superconducting wire has dropped significantly in recent years. As previously mentioned, energy storage has the potential to provide multiple sources of value for customers and utilities, from economic to grid reliability. As such, the results from energy storage are subject to change based upon federal and state tax policy changes, tariff changes, expansion the use of time-of-use (TOU) energy prices, or substantive changes in energy storage, renewable energy, or conventional energy resource prices.
Minnesota Department of Commerce contracted with Strategen and the Electric Power Research Institute (EPRI) to investigate the potential costs and benefits of grid-connected electrical energy storage technology located at the customer in the State of Minnesota. The investigation included both a standalone storage system and a storage system, which integrated solar PV. They considered applications for both commercial and residential customer sites. Four different general operational use cases for energy storage were identified and investigated which included customer controlled for bill savings, utility controlled for distribution system benefits, utility controlled for distribution and market benefits and shared customer and utility controlled for bill savings and market revenue.
The project team modeled each case to calculate project lifetime costs and benefits, performed an analysis of key barriers to implementation, and provided recommendations to address key gaps to energy storage implementation.
This case study found that utility controlled, customersited storage in Minnesota has the potential to provide benefits to the grid greater than the systems cost. Several different combinations of benefits were required to achieve benefit to cost ratios greater than one. While a number of different value streams were investigated, the value of each use case was primarily driven by the following grid services and incentives;Distribution upgrade deferral, frequency regulation, system capacity, and Federal Investment Tax Credit (FITC) for solar and favorable accelerated depreciation schedules.
California Incentives
There has been increasing awareness and government leaders to address the need for renewable generation integration in our electric grid. States have added incentive programs to help drive change. Leading this push is the state of California. In 2003, the state started the Self-Generation Incentive Program (SGIP) to promote a cleaner energy solution.The Self-Generation Incentive Program offers incentives to renewable and emerging technology projects and non-renewable fueled conventional CHP projects. The Self Generation Incentive Program (SGIP) provides financial incentives for the installation of new qualifying technologies that are installed to meet all or a portion of the electric energy needs of a facility. The purpose of the SGIP is to contribute to Greenhouse Gas (GHG) emission reductions, demand reductions and reduced customer electricity purchases, resulting in the electric system reliability through improved transmission and distribution system utilization.The program gives the customer financial motivation to pursue these technologies. For investment in energy storage, the state is offering Advanced Energy Storage 1.62/W. with a maximum incentive of 5 million of which 40% of the project as customer investments. Typically, SGIP rebates pay up to 60 % of the cost of installed systems.
California is the first state to mandate storage as part of the big utilities energy portfolios.Californias Governor authorized renewal of the states SGIP, which was originally due to end next year, through 2020. Legislation requires the states investor-owned utilities to procure 1.325 gigawatts of energy storage by 2020.The state is also requiring 200 megawatts of energy storage be installed behind the meter on customer sites and authorizes 83 million per year for the on-site storage technologies and includes rebates for stand-alone storage systems and those paired with solar or other distributed generation systems.
Conclusion
The growing need in todays energy markets to integrate renewable energy sources such as wind and solar is increasing. As seen in California with the incentive programs, energy storage is a growing markets which addresses the need for clean and affordable electricity. Onsite energy storage systems such as lithium ion batteries or SMES can have a positive impact for both the customers and the utilities. These energy storage systems are used to correct different problems which is effecting the quality of power on the electric grid. SMES systems have the ability of fast response which they can switch from charge to discharge state within seconds, and they can be charged/discharged rapidly and entirely. This is a promising advantage for this energy storage systems, which will be expected to quickly stabilize power quality when wind or solar resources experience regular and sometimes precipitous plunges in output. The deregulation of the electricity market and the requirements to enhance the power capacities of the present grids bring the opportunity to use SMES in the protection against power quality problems such as voltage sags and against power reliability problems, such as voltage instability and low voltage. Lithium ion Batteries provide the capacity to realize load leveling. This can have both a financial and operational value to the consumer. A variety of loads ranging from industrial installations to residential require energy to provide power quality and backup power. This energy is used for a variety of conditions such as when momentary disturbances require real power injection to avoid power interruptions.
